We are attempting to measure the transmission of iron on Z at plasma temperatures and densities relevant to the solar radiation and convection zone boundary. The opacity data published by us to date has been taken at an electron density about a factor of 10 below the 9 ϫ 10 22 / cm 3 electron density of this boundary. We present results of two-dimensional ͑2D͒ simulations of the heating and expansion of an opacity sample driven by the dynamic Hohlraum radiation source on Z. The aim of the simulations is to design foil samples that provide opacity data at increased density. The inputs or source terms for the simulations are spatially and temporally varying radiation temperatures with a Lambertian angular distribution. These temperature profiles were inferred on Z with on-axis time-resolved pinhole cameras, x-ray diodes, and bolometers. A typical sample is 0.3 m of magnesium and 0.078 m of iron sandwiched between 10 m layers of plastic. The 2D LASNEX simulations indicate that to increase the density of the sample one should increase the thickness of the plastic backing.
I. INTRODUCTION
The opacity of mid-Z elements is an important input for stellar interior models. Work is in progress using the dynamic Hohlraum radiation source [1] [2] [3] [4] [5] [6] at the Sandia National Laboratories Z facility to measure transmission of iron plasma at conditions relevant to the solar convection/ radiation zone ͑CZ͒ boundary. X rays volumetrically heat an opacity sample located at the top end of the cylindrical dynamic Hohlraum. An intense backlight is formed when the dynamic Hohlraum shock stagnates on axis and the sample transmission is measured by observing the backlight through the sample with a crystal spectrometer. Past research used samples consisting of a mixed 0.3 m Mg/ 0.078 m Fe region tamped by 10 m CH on both sides. In these experiments, the peak current was ϳ21 MA, the peak x-ray drive was ϳ11 TW, and the measured sample temperature and density were 156Ϯ 6 eV and of 0.033Ϯ .009 g / cc, respectively. [7] [8] [9] These conditions produced nearly the same Fe charge state distribution as at the solar CZ boundary and enabled the first direct test of models describing absorption by these charge states in the most relevant 800-1400 eV photon energy range. However, the density in these experiments was too low to enable testing of density effects on opacity models.
Iron plasma transmission measurements at conditions that more closely replicate the 190 eV and 9 ϫ 10 22 / cm 3 temperature and electron density that exist at the CZ boundary remain a goal. In order to address this goal, we have simulated the heating and expansion of opacity samples driven on Z with the two-dimensional ͑2D͒ radiation hydrodynamics code LASNEX. 10 The simulations suggest that the expansion velocity of the CH tamper at the back of the sample depends weakly on the thickness. Increasing the thickness increases the density ͑and thus the pressure͒ of the CH plasma behind the Fe/Mg layer at the time the sample is backlit. The Fe/Mg plasma approaches pressure equilibrium with the CH, and therefore increasing the CH thickness is predicted to lead to higher density in the Fe/Mg plasma.
II. SIMULATION INPUT
The driving sources for the 2D LASNEX simulations are spatially and temporally varying radiation temperatures with Lambertian angular emission profiles shown in Fig. 1 . These radiation temperature profiles are a composite of measurements taken on Z shots 882 and 885 with on-axis timeresolved pinhole cameras, x-ray diodes, and bolometers.
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For times less than 2 ns, axial power was measured but the x-ray images were not as the time-resolved camera was not gated at these earlier times. For these early times, we assume a flat spatial profile of the radiation temperature over the 2 mm radius source.
For times in Fig. 1 from 2 to 6.5 ns, the peak of the radiating shock wave in the foam is clearly seen and implodes with a velocity of 32 cm/ s. 6 The time of shock stagnation, 8 ns in Fig. 1 , corresponds to the time of backlighting of the opacity sample at energies between 900 and 1500 eV. Frames gated at exactly 8 ns in Fig. 1 were not available from the composite data of Z shots 882 and 885. The profiles of Fig. 1 is 11 TW and occurs at 6 ns when the radiating shock wave is still imploding and is at a radius of 700 m.
Z has now driven dynamic Hohlraum loads with load current as high as 25 MA, and we anticipate that the axially radiated power now available is considerably greater than 11 TW. Due to resource limitations, we have been unable to directly measure the axially radiated power at the higher load currents but hope to do so in the future. To perform the simulations with peak axially radiated powers greater than 11 TW, we scale up the radiation temperature profiles shown in Fig. 1 .
The simulation geometry is shown in Fig. 2 . The driving radiation is launched from the bottom of Fig. 2 with the previously mentioned radiation temperatures and a Lambertian angular distribution. We use a 2 mm long vacuum transport region between the source and the opacity sample because parallax measurements taken with two crystal spectrometers indicate that the backlighting source is 2 mm away from the opacity sample. 6 The sidewall boundary at 2 mm radius is fixed and set for 100% diffuse reflection. The front surface of the plastic fronting is also fixed to prevent it from expanding back toward the dynamic Hohlraum source. This boundary condition is motivated by the expectation that the dynamic Hohlraum hydrocarbon plasma expands toward the opacity sample applying pressure to the front surface.
III. SIMULATION OUTPUT
The simulated temperature and density at the center of the opacity sample as a function of time for a 24 TW drive and 40 m of backing is shown in Fig. 3 . The initial effective density of the mixed magnesium and iron sample is 6 g/cc. Early in the drive this density actually increases as a radiation-driven shock wave passes through the sample. Thereafter the sample expands axially away from the source and the density falls. The temperature of the sample rises in time in Fig. 3 along with the increase of the drive temperature. At the time of peak backlighting, 8 ns, the temperature of the sample is slowly falling with time. We note that the simulations do show an axial gradient in temperature of about 15 eV across the opacity sample, and we show the temperature at the center of the sample in all of the figures in this paper.
In Fig. 4 , we present the simulation results for the sample temperature and density as a function of axial driving power for the two cases of 10 and 40 m of plastic backing. The 40 m backing moderately increases the temperature of the sample at the lower drive powers compared to the 10 m backing. At the lower drive powers the 40 m backing provides some added opacity to contain radiation and increase the sample temperature, but at larger drive powers, the extra backing becomes more transparent and has less effect.
The 40 m backing has a much more substantial effect on the simulated sample density. The simulated sample density is nearly proportional to the thickness of the backing. The simulations predict that the expansion of the backing into vacuum reaches a peak velocity of 70 cm/ s for both the 10 m backing and the 40 m backing. With the same expansion velocity for both backing thicknesses, the average density of the expanded plasma for the 40 m thick backing should be four times that for the 10 m thick backing. With the backing plasma in near pressure equilibrium with the sample, the sample density should also be four times greater with four times the backing thickness.
The simulation agrees with the experimentally measured value of 156 eV at 11 TW drive with 10 m of backing, but the simulated density value of 0.027 g/cc is a bit low compared to the measured value of 0.033 g/cc. The experimentally measured values are obtained from spectroscopic analysis of magnesium K shell absorption lines. The temperature is revealed by the ratio of the intensities of Lyman beta to Helium gamma lines. The density is measured from the Stark broadening of the Helium delta line.
Recent data taken on Z shot 1893 with a 40 m backing agree with the trend in the increase of the density with backing shown in the simulation results of Fig. 4 . On this shot, the sample temperature and density were measured to be 190 eV and 0.136 g/cc. Thus increasing the backing thickness has been measured to increase the sample density. The density value predicted from Fig. 4 is 0.093 g/cc, which is lower than the measured value, but up considerably from the measured value of 0.033 g/cc with 10 m of backing on the old Z.
In Fig. 5 , we show simulation results for the opacity sample density and temperature at the time of backlighting as a function of backing thickness with a 20.3 TW drive. The density is proportional to the backing thickness, while the temperature is a mildly increasing function of the backing thickness. A limit on the thickness of the backing is the condition that the backing be transparent to the backlighter. This condition is met even at 100 m of backing as simulations with a 20.3 TW drive show all of the backing to be heated to over 100 eV at the time of the beginning of the backlighter pulse. For backings thicker than 100 m backing opacity becomes an issue, particularly at energies below 1000 eV. The amount of backing that can be driven to transparency before the onset of the backlighter pulse is proportional to the axially radiated power.
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